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1
OIL MANAGEMENT SYSTEM FOR A
COMPRESSOR

FIELD OF THE INVENTION

The present invention relates to a compressor. More par-
ticularly, the invention is directed to an oil management sys-
tem for a compressor.

BACKGROUND OF THE INVENTION

Presently known compressors used in refrigeration and air
conditioning systems such as variable displacement swash
plate compressors, for example, typically include a lubricat-
ing mist suspended in a gaseous refrigerant medium. Such
compressors also include a first path that provides refrigerant
communication between a crank chamber and a discharge
chamber, and a second path that provides refrigerant commu-
nication between the crank chamber and a suction chamber.
During operation of the compressor, the oil mist lubricates
moving parts of the compressor. However, oil that remains
suspended in the refrigerant as it travels throughout the refrig-
eration and air conditioning system can minimize a perfor-
mance and an efficiency the refrigeration and air conditioning
system.

To combat these problems, an o0il separator is added to the
refrigeration and air conditioning system. One type of oil
separator is typically positioned in the refrigeration and air
conditioning system between the compressor and a con-
denser. The oil separator functions to separate the suspended
oil from the gaseous refrigerant, so that the oil is maintained
in the compressor and introduced into the suction chamber.
This type of oil separator requires added package space in the
discharge chamber or a separate external component attached
to the compressor.

A second type of oil separator utilizes the crank chamber to
store the oil, so that the oil is maintained in the compressor
and not introduced into the suction chamber. However, the
addition of this type of oil management system in the refrig-
eration and air conditioning system does not address other
operating conditions of the compressor which may lead to
performance and durability issues such as liquid-fill start-up,
high-temperature operation, or inadequate piston lubrication
at high speeds caused by oil logging in the crank chamber of
the compressor, for example.

It would be desirable to produce a variable displacement
compressor wherein a performance, an efficiency, and a dura-
bility of the compressor are maximized, and a cost of manu-
facture, a weight, a package size, and an assembly time
thereof are minimized.

SUMMARY OF THE INVENTION

In concordance and agreement with the present invention,
a variable displacement compressor wherein a performance,
an efficiency, and a durability of the compressor are maxi-
mized, and a cost of manufacture, a weight, a package size,
and an assembly time thereof are minimized, has surprisingly
been discovered.

In one embodiment, the compressor comprises: a hollow
housing including a cylinder head having a suction chamber
and a fluid passageway formed therein, a cylinder block hav-
ing at least one cylinder bore formed therein, and a crankcase,
wherein a substantially fluid-tight crank chamber is formed
between the cylinder head and the crankcase; a rotatable
driveshaft disposed in and arranged to extend through the
crankcase to the cylinder block, the driveshaft including at
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2

least one fluid passageway formed therein; a first fluid flow
path fluidly connecting the crank chamber to the suction
chamber to facilitate a flow of a working fluid from the crank
chamber to the suction chamber, the first fluid flow path
including the at least one fluid passageway formed in the
driveshaft; a second fluid flow path fluidly connecting the
crank chamber to the suction chamber to facilitate a flow of a
mixture of the working fluid and a lubricating fluid from the
crank chamber to the suction chamber, the second fluid flow
path including the fluid passageway formed in the cylinder
head; and an annular sleeve slideably disposed between the
driveshaft and the cylinder block, the annular sleeve selec-
tively positionable to open and close the second fluid flow
path.

In another embodiment, the compressor comprises: a hol-
low housing including a cylinder head having a suction cham-
ber and a fluid passageway formed therein, a cylinder block
having at least one cylinder bore formed therein, and a crank-
case, wherein a substantially fluid-tight crank chamber is
formed between the cylinder head and the crankcase; a rotat-
able driveshaft disposed in and arranged to extend through the
crankcase to the cylinder block, the driveshaft including at
least one fluid passageway formed therein; a rotor fixedly
coupled to the driveshaft, wherein a rotational movement of
the driveshaft causes a rotational movement of the rotor; a
drive plate assembly coupled to the rotor, the drive plate
assembly having an angle of inclination in respect of a plane
perpendicular to a longitudinal axis of the driveshaft; a first
fluid flow path fluidly connecting the crank chamber to the
suction chamber to facilitate a flow of the working fluid from
the crank chamber to the suction chamber, the first fluid flow
path including the at least one fluid passageway formed in the
driveshaft; a second fluid flow path fluidly connecting the
crank chamber to the suction chamber to facilitate a flow of a
mixture of the working fluid and a lubricating fluid from the
crank chamber to the suction chamber, the second fluid flow
path including the fluid passageway formed in the cylinder
head; and an annular sleeve slideably disposed between the
driveshaft and the cylinder block, the annular sleeve selec-
tively positionable to open and close the second fluid flow
path, wherein the annular sleeve is operatively coupled to the
drive plate assembly to slide from a first position of the
annular sleeve to a second position of the annular sleeve in
response to a decrease in the angle of inclination of the drive
plate assembly from a maximum to a minimum, and to slide
from the second position of the annular sleeve to the first
position of the annular sleeve in response to an increase in the
angle of inclination of the drive plate assembly from the
minimum to the maximum.

In another embodiment, the compressor comprises: a hol-
low housing including a cylinder head having a suction cham-
ber and a fluid passageway formed therein, a cylinder block
having at least one cylinder bore formed therein, and a crank-
case, wherein a substantially fluid-tight crank chamber is
formed between the cylinder head and the crankcase; a rotat-
able driveshaft disposed in and arranged to extend through the
crankcase to the cylinder block, the driveshaft including at
least one fluid passageway formed therein; a rotor fixedly
coupled to the driveshaft, wherein a rotational movement of
the driveshaft causes a rotational movement of the rotor; a
drive plate assembly coupled to the rotor, the drive plate
assembly having an angle of inclination in respect of a plane
perpendicular to a longitudinal axis of the driveshaft; a first
fluid flow path fluidly connecting the crank chamber to the
suction chamber to facilitate a flow of the working fluid from
the crank chamber to the suction chamber, the first fluid flow
path including the at least one fluid passageway formed in the
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driveshaft; a second fluid flow path fluidly connecting the
crank chamber to the suction chamber to facilitate a flow of a
mixture of the working fluid and a lubricating fluid from the
crank chamber to the suction chamber, the second fluid flow
path including the fluid passageway formed in the cylinder
head; an annular sleeve slideably disposed between the drive-
shaft and the cylinder block, the annular sleeve selectively
positionable to open and close the second fluid flow path,
wherein the annular sleeve is operatively coupled to the drive
plate assembly to slide from a first position of the annular
sleeve to a second position ofthe annular sleeve in response to
a decrease in the angle of inclination of the drive plate assem-
bly from a maximum to a minimum, and to slide from the
second position of the annular sleeve to the first position of the
annular sleeve in response to an increase in the angle of
inclination of the drive plate assembly from the minimum to
the maximum, wherein the second fluid flow path is closed
when the annular sleeve is in the first position and open when
the annular sleeve is in the second position; a constant flow
feature fluidly connecting the crank chamber to the suction
chamber to facilitate a constant flow of the mixture of the
working fluid and the lubricating fluid from the crank cham-
ber to the suction chamber; and a bearing lubrication feature
to facilitate a flow of the mixture of the working fluid and the
lubricating fluid around at least one bearing disposed in the
cylinder block.

BRIEF DESCRIPTION OF THE DRAWINGS

The above, as well as other advantages of the present
invention, will become readily apparent to those skilled in the
art from the following detailed description of the preferred
embodiment when considered in the light of the accompany-
ing drawings in which:

FIG.11s across-sectional elevational view of a compressor
including an oil management system according to an embodi-
ment of the present invention showing an annular sleeve of the
oil management system in a first position;

FIG. 2 is a cross-sectional elevational view of the compres-
sor illustrated in FIG. 1 showing the annular sleeve of the oil
management system in a second position;

FIG. 3 is a cross-sectional elevational view of the compres-
sor illustrated in FIG. 1 including a constant flow feature and
a bearing lubrication feature of the oil management system;
and

FIG. 4 is an enlarged side perspective view of the annular
sleeve of the oil management system shown in FIGS. 1-3.

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description and appended drawings
describe and illustrate an exemplary embodiment of the
invention. The description and drawings serve to enable one
skilled in the art to make and use the invention, and are not
intended to limit the scope of the invention in any manner.

FIG. 1 shows a variable displacement swash plate type
compressor 10 according to the present invention. The com-
pressor 10 includes a cylindrical housing 12 having a cylinder
head 14, a cylinder block 16, and a crankcase 18. The cylinder
head 14 includes a suction chamber 20 formed therein. An
inlet port (not shown) and associated inlet conduit (not
shown) provide fluid communication between the suction
chamber 20 and an external component (not shown) such as
an evaporator of a heating, ventilating, and air conditioning
system, for example. A fluid passageway 22 is formed in the
cylinder head 14. The fluid passageway 22, through an open-
ing 24 formed in a valve plate 25 and a cavity 26 formed in the
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cylinder block 16, is in fluid communication with a central
bore 27 formed in the cylinder block 16. The fluid passage-
way 22, the opening 24, and the cavity 26 fluidly connect the
central bore 27 to the suction chamber 20 to facilitate a flow
of'a working fluid (e.g. a refrigerant) from the central bore 27
to the suction chamber 20.

The suction chamber 20 is also in fluid communication
with a plurality of cylinder bores 28 formed in the cylinder
block 16 through a plurality of valved suction ports (not
shown) formed in the valve plate 25. Each of the cylinder
bores 28 is formed in the cylinder block 16 at a predetermined
interval and circumscribing arranged around a longitudinal
axis A of the compressor 10. Each of the cylinder bores 28 is
also in fluid communication with a discharge chamber 30
through a plurality of valved discharge ports 32 formed in the
valve plate. An outlet port (not shown) and associated outlet
conduit (not shown) provide fluid communication between
the discharge chamber 30 and an external component (not
shown) such as a condenser of a heating, ventilating, and air
conditioning system, for example. A piston 34 is slideably
received in each of the cylinder bores 28.

As shown, the pistons 34 are coupled to a drive plate
assembly 36 via shoes 37. It is understood that the drive plate
assembly 36 can be any drive plate assembly desired such as
a swash plate or a wobble plate, for example. As illustrated,
the drive plate assembly 36 has a generally disc shape and is
disposed in a fluid-tight crank chamber 38 formed by the
cylinder block 16 and the crankcase 18. The drive plate
assembly 36 includes an annular plate 39 and a hub member
40 having a central aperture 41 formed therein. It is under-
stood that the annular plate 39 and the hub member 40 can be
formed separately or as an integral structure if desired. The
annular plate 39 includes a pair of opposed, substantially
planar surfaces 42 and a central aperture 43 formed therein.
At least a portion of the hub member 40 is received in the
central aperture 43 of the annular plate 39 and mechanically
coupled thereto to form the drive plate assembly 36.

The drive plate assembly 36 is mechanically coupled to a
rotor 44. The rotor 44 is configured to vary an angle of
inclination of the drive plate assembly 36 in respect of a plane
perpendicular to the longitudinal axis A of the compressor 10.
The rotor 44 includes an outwardly extending arm portion 45
having an opening 46 formed therein. As shown, a guide pin
47 formed on the drive plate assembly 36 slideably engages
walls forming the opening 46 formed in the arm portion 45 of
the rotor 44. The rotor 44 is fixedly coupled to a rotatable
driveshaft 48.

The driveshaft 48 is centrally disposed in and arranged to
extend through the crankcase 18 to the cylinder block 16 of
the compressor 10. The driveshaft 48 shown is rotatably sup-
ported by a roller bearing 50 at a first end thereof and thrust
bearings 52 at a second end thereof. The drive shaft 48 is
mechanically coupled to a power source (e.g. an engine) via a
pulley (not shown) which causes the driveshaft 48 to rotate.
An axially extending fluid passageway 54 and a radially out-
wardly extending fluid passageway 55 are formed in the
driveshaft 48. It is understood that additional radially out-
wardly extending passageways (not shown) can be formed in
the driveshaft 48 and connected to the axially extending pas-
sageway 54 as desired. The passageways 54, 55 of the drive-
shaft 48 are in fluid communication with a fluid passageway
56 formed in the rotor 44. It is understood that additional fluid
passageways (not shown) can be formed in the rotor 44 as
desired. The fluid passageway 56 extends from a centrally
formed aperture (not shown) formed in the rotor 44 to a radial
outer surface 57 thereof. The fluid passageways 54, 55, 56
cooperate to provide a flow path between the crank chamber
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38 and the central bore 27 formed in the cylinder block 16.
Accordingly, a first fluid flow path between the crank cham-
ber 38 and the suction chamber 20 is provided by the fluid
passageways 22, 54, 55, 56, the opening 24 of the valve plate
25, and the cavity 26 of the cylinder block 16 to facilitate a
flow of the working fluid from the crank chamber 38 to the
suction chamber 20.

A rotatable annular sleeve 58 having a bore 60 formed
therein surrounds and provides support to the driveshaft 48
along a longitudinal axis thereof. It is understood that the
annular sleeve 58 can have any shape and size as desired such
as having a bore diameter of about 26 mm, for example. The
annular sleeve 58 is coupled to the hub member 40 ofthe drive
plate assembly 36. Particularly, the annular sleeve 58 shown
is pivotally coupled to the drive plate assembly 36 by a plu-
rality of pins 66 indicated by dashed lines in FIGS. 1-3. The
pins 66 are received in respective apertures 68, shown in FI1G.
4, formed opposite in the first end of the annular sleeve 58 and
aligned apertures (not shown) formed in the hub member 40
of'the drive plate assembly 36. A spring 62 is disposed around
an outer surface of the driveshaft 48 between a first end of the
annular sleeve 58 the rotor 44. An annular recess 70 is formed
in the annular sleeve 58 for receiving a lubricant such as a
lubricating fluid (e.g. an oil) disposed in the crank chamber 38
of the compressor 10, for example, therein to provide lubri-
cation and minimize friction between the annular sleeve 58
and the driveshaft 48. In a non-limiting example, the lubri-
cating fluid disposed in the crank chamber 38 flows along an
outer surface of the driveshaft 48 between the annular sleeve
58 and the driveshaft 48 and is received in the annular recess
70. An outer surface 72 of the annular sleeve 58 includes a
surface treatment such as a coating 73 as shown in FIGS. 1-3,
amechanical treatment, or a chemical treatment, for example,
to minimize friction between the annular sleeve 58 and the
cylinder block 16. In a non-limiting example, the coating 73
is a layer of material such as Teflon®, for example. It is
understood, however, that any suitable material can be used
for the coating 73 as desired.

The annular sleeve 58 is axially slideable along the drive-
shaft 48 to be reciprocally received in the central bore 27 of
the cylinder block 16. A position of the annular sleeve 58
along the driveshaft 48 corresponds to the angle of inclination
of'the drive plate assembly 36. In particular, when the angle of
inclination of the drive plate assembly 36 is maximized as
shown in FIG. 1, the annular sleeve 58 is in a first position.
Conversely, when the angle of inclination of the drive plate
assembly 36 is minimized as shown in FIG. 2, the annular
sleeve 58 is in a second position. A second end of the annular
sleeve 58 abuts one of the thrust bearings 52 when the annular
sleeve 58 is in the second position. When the angle of incli-
nation of the drive plate assembly 36 is between the maxi-
mum and the minimum, the annular sleeve 58 is in an inter-
mediate position between the first position and the second
position.

A fluid passageway 80 formed in the cylinder block 16 is
provided as a bypass to facilitate a flow of a mixture of the
working fluid and the lubricating fluid between the crank
chamber 38 and the suction chamber 20. Accordingly, a sec-
ond fluid flow path between the crank chamber 38 and the
suction chamber 20 is provided by the fluid passageways 22,
80, the opening 24 of the valve plate 25, and the cavity 26 of
the cylinder block 16 to facilitate a flow of the working fluid
from the crank chamber 38 to the suction chamber 20. The
fluid passageway 80, and thereby the second fluid flow path,
is selectively opened and closed by the annular sleeve 58
axially sliding along the driveshaft 48. In particular, when the
annular sleeve 58 in the first position shown in FIG. 1, an inlet
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6

of the passageway 80 is fully closed. Conversely, when the
annular sleeve 58 is in the second position shown in FIG. 2,
the inlet of the passageway 80 is fully open. When the annular
sleeve 58 is in the intermediate position, the inlet of the
passageway 80 is fully open, fully closed, or at least partially
open.

A constant flow feature 88 shown in FIG. 3 may be
employed in the compressor 10 to facilitate a constant flow of
the mixture of the working fluid and the lubricating fluid from
the crank chamber 38 to the suction chamber 20. In the
embodiment shown, the constant flow feature 88 is a recess
formed in the cylinder block 16 forming a gap between the
annular sleeve 58 and the cylinder block 16. It is understood
that the constant flow feature 88 can be a recess formed in the
annular sleeve 58 forming the gap between the annular sleeve
58 and the cylinder block 16 if desired. The gap facilitates a
constant flow of the mixture of the working fluid and the
lubricating fluid from the crank chamber 38 into the fluid
passageway 80 and to the suction chamber 20. It is understood
that the recess can be formed in the cylinder block 16 or the
annular sleeve 58 by any means as desired such as cast in the
cylinder block 16 or annular sleeve 58 and machined in the
cylinder block 16 or annular sleeve 58 after a casting thereof,
for example. A bearing lubrication feature 86 shown in FIG.
3 may be employed in the compressor 10 to facilitate a flow of
the mixture of the working fluid and the lubricating fluid
around the thrust bearings 52 for a lubrication thereof. In the
embodiment shown, the bearing lubrication feature 86 is a
recess formed in the cylinder block 16. It is understood that
the recess can be formed by any means as desired such as cast
in the cylinder block 16 or machined in the cylinder block 16
after a casting thereof, for example.

During operation of the compressor 10, the driveshaft 48 is
caused to rotate by the external power source. Rotation of the
driveshaft 48 causes the rotor 44 to correspondingly rotate
with the driveshaft 48. As the rotor 44 rotates, the connection
between the drive plate assembly 36 and rotor 44 causes the
drive plate assembly 36 to rotate. The rotation of the drive
plate assembly 36 causes the pistons 34 to reciprocate within
the cylinder bores 28. As the pistons 34 are caused to move
toward a bottom dead center position, the pressure within the
cylinder bores 28 is less than a pressure within the suction
chamber 20. Accordingly, the valved suction ports are caused
to open causing the working fluid to flow from the suction
chamber 20 through the valved suction ports and into the
cylinder bores 28. As the pistons 34 are caused to move
toward a top dead center position, the working fluid within the
cylinder bores 28 is compressed. When the pressure within
the cylinder bores 28 is caused to exceed the pressure within
the discharge chamber 30, the valved discharge ports 32 are
caused to open and the compressed working fluid is caused to
flow through the valve discharge ports 32 into the discharge
chamber 30.

Further, as the pistons 34 are caused to move toward the top
dead center position, the pressure within the cylinder bores 28
is caused to exceed a pressure within the crank chamber 38.
As the pistons 34 are caused to move toward the bottom dead
center position, the pressure within the cylinder bores 28 is
less than the pressure within the crank chamber 38. Accord-
ingly, as the pistons 34 reciprocate, the pressure within the
discharge chamber 30 is greater than the pressure within the
crank chamber 38, which is greater than the pressure within
the suction chamber 20. These pressure differences between
the discharge chamber 30, the crank chamber 38, and the
suction chamber 20 cause the working fluid and the lubricat-
ing fluid to flow into the crank chamber 30 and mix.
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The pressure difference between the crank chamber 38 and
the suction chamber 20 causes the mixture to flow into the
passageway 56 formed in the rotor 44. The rotation of the
rotor 44 generates a centrifugal force that is exerted upon the
mixture. A density of the lubricating fluid is higher than a
density of the working fluid. The differences in material prop-
erties between the working fluid and the lubricating fluid, and
the centrifugal force exerted on the mixture, cause a separa-
tion of the lubricating fluid from the working fluid. Since the
lubricating fluid has a higher density than the working fluid,
the lubricating fluid is caused to flow back into the crank
chamber 39. Simultaneously, the working fluid continues to
flow through the first fluid flow path into the suction chamber
20.

When the operation of the compressor 10 is initiated by the
rotation of the driveshaft 48, the pressure within the suction
chamber 20 is temporarily and rapidly dropped. Accordingly,
the pressure within the crank chamber 38 is greater than the
pressure within the suction chamber 20 causing the angle of
inclination of the drive plate assembly 36 and the length of the
stroke of the pistons 34 to be minimized. When the angle of
inclination of the drive plate assembly 36 is minimized, the
annular sleeve 58 is positioned at the second position as
shown in FIG. 2 fully opening the inlet of the fluid passage-
way 80. Accordingly, a maximum amount of the mixture of
the working fluid and the lubricating fluid flows from the
crank chamber 38, into and through the second fluid flow
path, and into the suction chamber 20. Therefore, as the
pistons 34 are caused to move toward the bottom dead center
position, the mixture of the working fluid and the lubricating
fluid is received into the cylinder bores 28. The mixture of the
working fluid and the lubricating fluid lubricates the pistons
34, as well as facilitates a sealing effect between the pistons
34 and the cylinder bores 28. The sealing effect restricts a flow
of the mixture from the cylinder bores 28 into the crank
chamber 38.

As the operation of the compressor 10 continues and the
mixture of the working fluid and lubricating fluid flows from
the crank chamber 38 to the suction chamber 20, the pressure
difference between the pressure within the crank chamber 38
and the pressure within the suction chamber 20 is gradually
decreased. As a result, the angle of inclination of the drive
plate assembly 36 and the length of the stroke of the pistons
34 are gradually increased. As the angle of inclination of the
drive plate assembly 36 increases from the minimum to the
maximum (i.e. full displacement operation of the compressor
10), the annular sleeve 58 is caused to move from the second
position, to the intermediate position, and then to the first
position shown in FIG. 1. Accordingly, the annular sleeve 58
slides from the second position fully opening the inlet of the
fluid passageway 80, to the intermediate position, and then to
the first position fully closing the inlet of the fluid passageway
80 and militating against the flow of the mixture of the work-
ing fluid and the lubricating fluid from the crank chamber 38,
into and through the second fluid flow path to the suction
chamber 20.

During the increase in the angle of inclination of the drive
plate assembly 36 from the minimum to the maximum, a first
predetermined angle of inclination of the drive plate assembly
36 and a second predetermined angle of inclination of the
drive plate assembly 36 are reached. At the first predeter-
mined angle of inclination of the drive plate assembly 36, the
annular sleeve 36 is caused to move from fully opening the
inlet of the fluid passageway 80 to partially opening the inlet
of' the fluid passageway 80 Accordingly, a reduced amount of
the mixture of the working fluid and the lubricating fluid
flows from the crank chamber 38, into and through the second
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fluid flow path, and into the suction chamber 20. Atthe second
predetermined angle of inclination of the drive plate assembly
36, the annular sleeve 36 is caused to move from partially
opening the inlet of the fluid passageway 80 to fully closing
the inlet of the fluid passageway 80 and militating against the
flow of the mixture of the working fluid and the lubricating
fluid flows from the crank chamber 38, into and through the
second fluid flow path, and into the suction chamber 20.

After the compressor 10 has operated at full displacement
for an appropriate period of time, a load applied to the com-
pressor 10 is reduced. The reduction in the load applied to the
compressor 10 causes the pressure within the suction cham-
ber 20 to decrease. The decrease in the pressure within the
suction chamber 20 causes the pressure differential between
the pressure within the crank chamber 38 and the pressure
within the suction chamber 20 to increase. As a result, the
angle of inclination of the drive plate assembly 36 and the
length of the stroke of the pistons 34 are caused to decrease
from the maximum to the minimum (i.e. small displacement
operation of the compressor 10). As described hereinabove,
when the angle of inclination of the drive plate assembly 36 is
minimized, the annular sleeve 58 is positioned at the second
position as shown in FIG. 2 fully opening the inlet of the fluid
passageway 80. Accordingly, the maximum amount of the
mixture of the working fluid and the lubricating fluid flows
from the crank chamber 38, into and through the second fluid
flow path, and into the suction chamber 20.

During the decrease in the angle of inclination of the drive
plate assembly 36 from the maximum to the minimum, the
second predetermined angle of inclination of the drive plate
assembly 36 and the first predetermined angle of inclination
of the drive plate assembly 36 are reached. At the second
predetermined angle of inclination of the drive plate assembly
36, the annular sleeve 36 is caused to move from fully closing
the inlet of the fluid passageway 80 to partially opening the
inlet of the fluid passageway 80. Accordingly, an increased
amount of the mixture of the working fluid and the lubricating
fluid flows from the crank chamber 38, into and through the
second fluid flow path, and into the suction chamber 20. At the
first predetermined angle of inclination of the drive plate
assembly 36, the annular sleeve 36 is caused to move from
partially opening the inlet of the fluid passageway 80 to fully
opening the inlet of the fluid passageway 80. Accordingly, the
maximum amount of the mixture of the working fluid and the
lubricating fluid flows from the crank chamber 38, into and
through the second fluid flow path, and into the suction cham-
ber 20.

When the compressor 10 is caused to operate between the
full displacement operation and the small displacement
operation, the angle of inclination of the drive plate assembly
36 and the length of the stroke of the pistons 34 are between
the maximum and the minimum. Accordingly, the annular
sleeve 58 is positioned at the intermediate position between
the first position and the second position. Depending on the
angle of the inclination of the drive plate assembly 36
between the maximum and the minimum, the first predeter-
mined angle of inclination, and the second predetermined
angle of inclination, the inlet of the fluid passageway 80 is
fully opened, fully closed, or partially opened.

Optionally, the mixture of the working fluid and the lubri-
cating fluid can be caused to flow from the crank chamber 38
through the constant flow feature 88 to the suction chamber
20 regardless of the angle of inclination of the drive plate
assembly 36. Further, the mixture of the working fluid and the
lubricating fluid can be caused to flow from the cavity 26
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formed in the cylinder block 16, into and through the bearing
lubrication feature 86, and around the thrust bearings 52 to
provide lubrication thereto.

From the foregoing description, one ordinarily skilled in
the art can easily ascertain the essential characteristics of this
invention and, without departing from the spirit and scope
thereof, make various changes and modifications to the inven-
tion to adapt it to various usages and conditions.

What is claimed is:

1. A compressor, comprising:

a hollow housing including a cylinder head having a suc-
tion chamber and a fluid passageway formed therein, a
cylinder block having at least one cylinder bore formed
therein, and a crankcase, wherein a substantially fluid-
tight crank chamber is formed between the cylinder head
and the crankcase;

a rotatable driveshaft disposed in and arranged to extend
through the crankcase to the cylinder block, the drive-
shaft including at least one fluid passageway formed
therein;

a drive plate assembly having an angle of inclination in
respect of a plane substantially perpendicular to a lon-
gitudinal axis of the driveshaf;

a first fluid flow path fluidly connecting the crank chamber
to the suction chamber to facilitate a flow of a working
fluid from the crank chamber to the suction chamber, the
first fluid flow path including the at least one fluid pas-
sageway formed in the driveshaft;

asecond fluid flow path fluidly connecting the crank cham-
ber to the suction chamber to facilitate a flow of a mix-
ture of the working fluid and a lubricating fluid from the
crank chamber to the suction chamber, the second fluid
flow path including the fluid passageway formed in the
cylinder head;

an annular sleeve slideably disposed between the drive-
shaft and the cylinder block, the annular sleeve selec-
tively positionable to open and close the second fluid
flow path;

at least one bearing disposed in the cylinder block between
the suction chamber and the annular sleeve; and

arecess formed in at least one of the cylinder block and the
annular sleeve continuously fluidly connecting the crank
chamber to an inlet of the second fluid flow path and
forming a gap between the annular sleeve and the cylin-
der block, and wherein the gap facilitates a constant flow
of the mixture of the working fluid and the lubricating
fluid from the crank chamber to the suction chamber,

wherein an inlet of the second fluid flow path is fully closed
when the annular sleeve is in a first position and the angle
of inclination of the drive plate assembly is maximized,
and fully open when the annular sleeve is in a second
position and the angle of inclination of the drive plate
assembly is minimized.

2. The compressor according to claim 1, wherein the sec-
ond fluid flow path is at least partially open when the annular
sleeve is in an intermediate position between the first position
and the second position, and the angle of inclination of the
drive plate assembly is between a minimum and a maximum.

3. The compressor according to claim 1, wherein the annu-
lar sleeve is operatively coupled to the drive plate assembly to
slide from the first position of the annular sleeve to a second
position of the annular sleeve in response to a decrease in the
angle of inclination of the drive plate assembly, and from the
second position of the annular sleeve to the first position of the
annular sleeve in response to an increase in the angle of
inclination of the drive plate assembly.
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4. The compressor according to claim 1, wherein the annu-
lar sleeve includes an annular recess formed in an inner sur-
face thereof for receiving a lubricant therein, the lubricant
providing lubrication to and minimizing friction between the
annular sleeve and the driveshaft.

5. The compressor according to claim 1, wherein the annu-
lar sleeve includes a surface treatment to minimize friction
between the annular sleeve and the cylinder block.

6. The compressor according to claim 1, further compris-
ing a bearing lubrication feature to facilitate a flow of the
mixture of the working fluid and the lubricating fluid around
the at least one bearing disposed in the cylinder block.

7. A compressor, comprising:

a hollow housing including a cylinder head having a suc-
tion chamber and a fluid passageway formed therein, a
cylinder block having at least one cylinder bore formed
therein, and a crankcase, wherein a substantially fluid-
tight crank chamber is formed between the cylinder head
and the crankcase;

a rotatable driveshaft disposed in and arranged to extend
through the crankcase to the cylinder block, the drive-
shaft including at least one fluid passageway formed
therein;

a rotor fixedly coupled to the driveshaft, wherein a rota-
tional movement of the driveshaft causes a rotational
movement of the rotor;

a drive plate assembly coupled to the rotor, the drive plate
assembly having an angle of inclination in respect of a
plane perpendicular to a longitudinal axis of the drive-
shaft;

a first fluid flow path fluidly connecting the crank chamber
to the suction chamber to facilitate a flow of the working
fluid from the crank chamber to the suction chamber, the
first fluid flow path including the at least one fluid pas-
sageway formed in the driveshaft;

a second fluid flow path fluidly connecting the crank cham-
ber to the suction chamber to facilitate a flow of a mix-
ture of the working fluid and a lubricating fluid from the
crank chamber to the suction chamber, the second fluid
flow path including the fluid passageway formed in the
cylinder head;

an annular sleeve slideably disposed between the drive-
shaft and the cylinder block, the annular sleeve selec-
tively positionable to open and close the second fluid
flow path;

at least one bearing disposed in the cylinder block between
the suction chamber and the annular sleeve; and

arecess formed in at least one of the cylinder block and the
annular sleeve continuously fluidly connecting the crank
chamber to an inlet of the second fluid flow path and
forming a gap between the annular sleeve and the cylin-
der block, and wherein the gap facilitates a constant flow
of the mixture of the working fluid and the lubricating
fluid from the crank chamber to the suction chamber,

wherein the annular sleeve is operatively coupled to the
drive plate assembly to slide from a first position of the
annular sleeve to a second position of the annular sleeve
in response to a decrease in the angle of inclination ofthe
drive plate assembly from a maximum to a minimum,
and to slide from the second position of the annular
sleeve to the first position of the annular sleeve in
response to an increase in the angle of inclination of the
drive plate assembly from the minimum to the maxi-
mum, wherein an inlet of the second fluid flow path is
fully closed when the annular sleeve is in the first posi-
tion and fully open when the annular sleeve is in the
second position.
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8. The compressor according to claim 7, wherein the sec-
ond fluid flow path is at least partially open when the annular
sleeve is in an intermediate position between the first position
and the second position and the angle of inclination of the
drive plate assembly is between the minimum and the maxi-
mum.

9. The compressor according to claim 7, wherein the annu-
lar sleeve includes an annular recess formed in an inner sur-
face thereof for receiving a lubricant therein, the lubricant
providing lubrication to and minimizing friction between the
annular sleeve and the driveshaft.

10. The compressor according to claim 7, wherein the
annular sleeve includes a surface treatment to minimize fric-
tion between the annular sleeve and the cylinder block.

11. The compressor according to claim 7, further compris-
ing a bearing lubrication feature to facilitate a flow of the
mixture of the working fluid and the lubricating fluid around
the at least one bearing disposed in the cylinder block.

12. A compressor, comprising:

a hollow housing including a cylinder head having a suc-
tion chamber and a fluid passageway formed therein, a
cylinder block having at least one cylinder bore formed
therein, and a crankcase, wherein a substantially fluid-
tight crank chamber is formed between the cylinder head
and the crankcase;

a rotatable driveshaft disposed in and arranged to extend
through the crankcase to the cylinder block, the drive-
shaft including at least one fluid passageway formed
therein;

a rotor fixedly coupled to the driveshaft, wherein a rota-
tional movement of the driveshaft causes a rotational
movement of the rotor;

a drive plate assembly coupled to the rotor, the drive plate
assembly having an angle of inclination in respect of a
plane perpendicular to a longitudinal axis of the drive-
shaft;

a first fluid flow path fluidly connecting the crank chamber
to the suction chamber to facilitate a flow of the working
fluid from the crank chamber to the suction chamber, the
first fluid flow path including the at least one fluid pas-
sageway formed in the driveshaft;

asecond fluid flow path fluidly connecting the crank cham-
ber to the suction chamber to facilitate a flow of a mix-
ture of the working fluid and a lubricating fluid from the
crank chamber to the suction chamber, the second fluid
flow path including the fluid passageway formed in the
cylinder head;

an annular sleeve slideably disposed between the drive-
shaft and the cylinder block, the annular sleeve selec-
tively positionable to open and close an inlet of the
second fluid flow path, wherein the annular sleeve is
operatively coupled to the drive plate assembly to slide
from a first position of the annular sleeve to a second
position of the annular sleeve in response to a decrease in
the angle of inclination of the drive plate assembly from
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a maximum to a minimum, and to slide from the second
position of the annular sleeve to the first position of the
annular sleeve in response to an increase in the angle of
inclination of the drive plate assembly from the mini-
mum to the maximum, wherein the inlet of the second
fluid flow path is fully closed when the annular sleeve is
in the first position and fully open when the annular
sleeve is in the second position;

at least one bearing disposed in the cylinder block between

the suction chamber and the annular sleeve;

arecess framed in at least one of the cylinder block and the

annular sleeve continuously fluidly connecting the crank
chamber to an inlet of the second fluid flow path and
forming a gap between the annular sleeve and the cylin-
der block, and wherein the gap facilitates a constant flow
of the mixture of the working fluid and the lubricating
fluid from the crank chamber to the suction chamber;
and

a bearing lubrication feature to facilitate a flow of the

mixture of the working fluid and the lubricating fluid
around at least one bearing disposed in the cylinder
block.

13. The compressor according to claim 12, wherein the
annular sleeve includes an annular recess formed in an inner
surface thereof for receiving a lubricant therein, the lubricant
providing lubrication to and minimizing friction between the
annular sleeve and the driveshaft, and a surface treatment to
minimize friction between the annular sleeve and the cylinder
block.

14. The compressor according to claim 4, wherein the
annular recess is formed in the inner surface of the annular
sleeve intermediate a first end and a second end thereof.

15. The compressor according to claim 5, wherein the
surface treatment is a coating of a layer of polytetrafluoroet-
hylene material.

16. The compressor according to claim 9, wherein the
annular recess is formed in the inner surface of the annular
sleeve intermediate a first end and a second end thereof.

17. The compressor according to claim 10, wherein the
surface treatment is a coating of a layer of polytetrafluoroet-
hylene material.

18. The compressor according to claim 13, wherein the
annular recess is formed in the inner surface of the annular
sleeve intermediate a first end and a second end thereof.

19. The compressor according to claim 1, wherein the
recess provides direct fluid communication between the
crank chamber and the second fluid flow path.

20. The compressor according to claim 7, wherein the
recess provides direct fluid communication between the
crank chamber and the second fluid flow path.

21. The compressor according to claim 12, wherein the
recess provides direct fluid communication between the
crank chamber and the second fluid flow path.
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